summary the impact of agro-industrial organic wastes in the environment can be reduced when used in agriculture. from the standpoint of soil fertility, residue applications can increase the organic matter content and provide nutrients for plants. this study evaluated the effect of biological sludge from gelatin industry on the chemical properties of two ultisols (loamy sand and sandy clay) and an oxisol (clay). the experiment lasted 120 days and was carried out in laboratory in a completely randomized design with factorial arrangement, combining the three soils and six biological sludge rates (0, 100, 200, 300, 400, and 500 m 3 ha -1 ), with three replications. Biological sludge rates of up to 500 m 3 ha -1 decreased soil acidity and increased the effective cation exchange capacity (CeC) and n, Ca, mg, and P availability, without exceeding the tolerance limit for na. the increase in exchangeable base content, greater than the effective CeC, indicates that the major part of cations added by the sludge remains in solution and can be lost by leaching. index terms: waste, nutrients, soil ph, effective CeC.
dos resíduos é aumentar o teor de matéria orgânica e fornecer nutrientes para as plantas. Neste trabalho, objetivou-se avaliar o efeito do lodo biológico de indústria de gelatina em atributos químicos de dois Argissolos Vermelho-Amarelos (PVA-arenoso e PVA-textura mé-dia) e de um Latossolo Vermelho (LV-argiloso). O experimento foi conduzido por 120 dias em laboratório, em delineamento inteiramente casualizado e esquema fatorial combinando os três solos e seis doses de lodo
introduCtion the food processing industry produces waste of plant or animal origin; the composition depends on the raw material, and the residues can usually be applied to the soil without major risks but with benefits. Vinasse and whey are examples of this group, both liquid wastes, generated in very large quantities and used in agriculture. in view of the amount of vinasse and the accumulated experience of years of soil application, its use is defined by a specific regulation in the state of são Paulo (CetesB, 2006) . in general, the organic residues from agroindustry provide nutrients to plants and increase the organic matter content and soil ph. Nutrients of organic nature, i.e, N, P and s, are particularly interesting, but elements such as Na, common in industrial waste, are often found in the composition along with the nutrients. Vinasse, known as a good K source for plants, also increases the soil Na content (Brito & rolim, 2005) . the organic C in the waste can be released into the atmosphere as Co 2 or converted into stable humus (abreu Jr. et al., 2002) . the humification process of the organic components of the residue increases organic matter content, inducing changes in soil properties associated with, e.g., cation exchange capacity (CeC). the change in soil ph by organic waste application is often due to the presence of phenolic, carboxylic and enolic groups, which can consume protons due to the association of h + with these anions, increasing the ph (Naramabuye & haynes, 2007) .
Brazil is the world's largest gelatin producer and gelita is the world's leading company, producing 85,000 tons of gelatin per year, 20,000 of which in Brazil, representing 80 % of the Brazilian gelatin production (agência de Notícias Brasil Árabe, 2009) . one gelita production unit is located in mococa, a city in the state of são Paulo which, according to araújo (2006) , produces 12 tons of gelatin and 72 tons of residue daily. in this unit, the residual sludge is separated in two types, consisting of the material settled in the primary and secondary tank, the latter also called biological sludge.
sludge from the primary settler applied to soil at rates of 0, 30, 60, 90, and 120 t ha -1 improved the soil chemical properties without contamination: it increased the ph as well as the P, Ca and mg contents, resulting in better growth of tanzania grass (araújo, 2006) . this indicates that residue disposal on agricultural soils is a viable and promising practice, in view of the improvement in properties of soil fertility and plant growth.
despite the lack of research results, it is expected that the biological sludge can be used for agriculture as well. the feasibility of this sludge needs to be evaluated to define appropriate agronomical and environmental criteria for application. thus, the objective of this study was to evaluate the effect of biological sludge from gelatin industry on soil chemical properties.
material and methods
this laboratory experiment was carried out in Jaboticabal, state of são Paulo (sP) -Brazil, from december 2007 to april 2008. the surface layer (0-20 cm) of three soils and biological sludge from gelatin industry were sampled and analyzed. the soils, classified as ultisol (loamy sand), ultisol (sandy clay) and oxisol (clay), were sampled from eucalyptus, sugarcane and pine plantations, respectively. soil samples were air-dried, ground, sieved (4 mm), homogenized and sampled for chemical (raij et al., 2001 ) and particle size analyses (Camargo et al., 2009) (table 1) . the biological sludge (Bs) used in the experiment was residue from gelatin production, provided by gelita south america, unit mococa -sP. soil samples and Bs were analyzed at the soil fertility laboratory of fCaV/uNesP, Jaboticabal -sP. the r. Bras. Ci. solo, 36:653-660, 2012 moisture in the sludge was determined by drying Bs in porcelain capsules in water bath at about 65 °C to constant weight. electrical conductivity (eC) and ph were determined by direct readings in Bs liquid supernatant; organic-C (Brasil, 2007) , total N (tedesco et al., 1995) , Nh 4 + -N and No 3 --N (Cantarella & trivelin, 2001) , and P, K, Ca, mg, and Na contents (Carmo et al., 2000) were also determined. except for ph and eC, the Bs properties are expressed on a dry basis, assuming a moisture content of 98.35 %, as follows: ph, 8.4; eC, 4.21 ms cm -1 ; organic-C, 132 g kg -1 ; total N, 69 g kg -1 ; Nh 4 + -N, 12 g kg -1 ; No 3 --N, 0.10 g kg -1 ; P, 3.5 g kg -1 ; K, 1.1 g kg -1 ; Ca, 89 g kg -1 ; mg, 1.6 g kg -1 ; Na, 38 g kg -1 and C/N ratio, 1.9.
the experiment was evaluated in a completely randomized design with a factorial arrangement 6 x 3, represented by six biological sludge rates, three soils and four replications, totaling 72 plots. Bs rates of 0, 100, 200, 300, 400, and 500 m 3 ha -1 were applied to 0.4 dm 3 of each soil (the rates were calculated based on the 0-20 cm layer of one hectare).
the soil samples were treated with Bs rates (treatments) and deionized water, as required to achieve 70 % of water holding capacity of each soil. soil + Bs + water were mixed by hand on a plastic sheet. the wet samples were transferred to 0.5 l plastic containers and weighed. the resulting weight was used as reference to maintain soil moisture during the experiment, replacing water every two days. the experiment lasted 120 days and at the end of incubation, the samples were spread on plastic trays to dry. thereafter, the samples were sieved and analyzed for ph in CaCl 2 , om, available-P, al 3+ , Ca 2+ , mg 2+ , K + , Na + contents and h + al, by the methods described by raij et al. (2001), and Nh 4 + -N and No 3 --N, as proposed by Cantarella & trivelin (2001) . since in this experiment the application of organic waste was tested in closed containers, and Ca 2+ , mg 2+ and K + contents were extracted from the samples with cation exchange resin and Na + was extracted with 1 mol l -1 Nh 4 Cl solution, the results include the exchangeable + soluble forms. therefore, the effective cation exchange capacity (eCeC) of soils was determined by the method of gillman (1979), modified by fonseca et al. (2005), which eliminates the soluble and exchangeable cations by washing with a 0.1 mol l -1 BaCl 2 solution. the soil samples were then shaken for 12 h with a 0.005 mol l -1 mgso 4 solution and the eCeC was calculated as the difference between the amount of mg added to the sample and measured in the equilibrium solution.
the results were subjected to analysis of variance (f test) and polynomial regression.
results and disCussion
the soil properties directly related to acidity (ph, h + al and al 3+ ), as well as the effective cation exchange capacity (eCeC) were significantly altered by the Bs rates (figure 1). with the application of 500 m 3 ha -1 Bs, the ph increased by 0.4, 0.8 and 1.2 units in the clay, sandy clay and loamy sand soils, respectively, compared to the treatment without Bs (figure 1a). this result can be explained by the higher potential cation exchange capacity (CeC at ph 7.0) of the clay soil, resulting from the combination of 560 g kg -1 clay and 33 g dm -3 om, making the soil more resistant to changes in ph, i.e., increasing the buffering capacity. in the loamy sand and sandy clay soils, the lower buffering capacity allowed a greater ph increase. the increase in soil ph by Bs application can be primarily explained by the residue ph (8.4). in the gelatin production process, the raw material, i.e., cowhide scraps and shavings, are treated with sodium hydroxide and lime to extract collagen (ribeiro, 2007) . moreover, the presence of phenolic, carboxylic and enolic groups in the organic fraction of Bs may lead to proton consumption by the association of soil h + with these anions (Naramabuye & haynes, 2007) . araújo (2006) observed an increase of one unit in the ph value by applying 6 t ha -1 (dry basis) of primary sludge from gelatin industry (ph 12.5) to an oxisol.
soil exchangeable acidity (figure 1b) and potential acidity (figure 1c) decreased with increasing Bs rates. initially, exchangeable acidity was not observed in the sandy clay soil. in the clay soil, the al 3+ content was reduced by approximately 7 mmol c dm -3 , and in the loamy sand soil, by 2 mmol c dm -3 . the decrease observed in both soils was greater than the initial content (table 1) since the soil ph decreased during incubation (figure 1a, zero rate), resulting in increased exchangeable acidity. in addition to the aluminum precipitation as al hydroxide caused by the alkaline inorganic components of Bs, the decrease can be associated with al complexation by soluble organic substances originally present in the residue and generated during the decomposition process. Parallel to the increase in soil ph, Naramabuye & haynes (2007) observed a decrease in exchangeable and soil solution al (total and monomeric), probably due to monomeric al complexation by soluble organic substances present in poultry, cattle and swine manure, and in sewage sludge. the potential acidity decreased by approximately 12, 6 and 21 mmol c dm -3 in the loamy sand, sandy clay and clay soils, respectively (figure 1c). since the quantity of bases added with the residue was the same (at each Bs rate), the amount of neutralized acid was expected to be approximately equal in all three soils. still, if the potential acidity of the clay soil had decreased by 21 mmol c dm -3 , the soil ph would have been expected to be greater than the given (4.5), based on the relation ph CaCl 2 = 3.66 + 0.027V % (Quaggio et al., 1982) and assuming that the eCeC increased in all soils (figure 1d). the figure shows that the increase in eCeC was approximately 9, 6 and 6 mmol c dm -3 in loamy sand, sandy clay and clay soils, respectively. the decrease in potential soil acidity, in soils with low or no exchangeable acidity, should be close to the increase of eCeC, which in turn must match the increase in the sum of base (sB) value. for the clay soil, the difference between the decrease in potential acidity, determined by smP buffer solution (21 mmol c dm -3 ), and increase in eCeC (6 mmol c dm -3 ), determined by the compulsive exchange method (fonseca et al., 2005) was therefore great, despite the initial 9 mmol c dm -3 al 3+ of the soil. this result reinforces the earlier comment, that the smP method overestimated the potential acidity decrease in clay soil. increases in eCeC with the application of organic waste were also reported by trannin et al. (2008) . in a field experiment, the authors observed increases in exchangeable K + , Ca 2+ , mg 2+ and Na + soil contents, which was associated with an increase in eCeC in response to the application of biosolids from fiber and Pet (polyethylene terephthalate) resin industry. fonseca (2001) reported an increase in the eCeC value with treated sewage sludge application and explained the result by the increase in the Ca 2+ , mg 2+ , K + , and especially Na + contents. figure 2a,b) . the applied Bs contained about 17 % of total N as ammonium, and since the C/N ratio of the residue was low, the conditions were very favorable for mineralization. araújo (2006) did not assess the mineral-N contents in the soil after application of primary sludge from the gelatin industry, but observed a linear increase in N uptake by tanzania guinea grass. a similar result was obtained with maize plants treated with up to 500 m 3 ha -1 Bs from gelatin industry (taniguchi, 2010) . an increase in soil mineral-N in areas of application of other wastes was frequently reported (smith et al., 1998; Vieira & Cardoso, 2003; Boeira & maximiliano, 2009 Boeira & maximiliano, ). taniguchi (2010 found that mineral-N increased in an ultisol (sandy clay loam) proportionally to the application of Bs from gelatin industry.
Nh 4
+ -N contents in the clay soil suggest the lower efficiency of nitrification reactions, which could be explained by the higher acidity of this soil than of the others. the ph is the main factor regulating nitrification, which occurs between ph 4.5 and 10.0, with optimum ph at about 8.5 (havlin et al., 2005) . in soils with ph values between 3. 4 and 4.4, sahrawat (1982) found no nitrate production after aerobic incubation for four weeks, although he reported the formation of ammonium N. however, the method used to measure the soil ph may fail to reflect the ph value at microsites where nitrification occurs. darrah et al. (1987) suggested that the nitrifying microorganisms acidify the soil volume under their direct influence by releasing h + protons, to the point of interrupting their proper activity by the resulting acidity. the soil beyond the influence of nitrifying microorganisms maintains its original ph until the h + ions generated at microsites are diffused, creating an uneven acidity distribution in the total soil volume. sierra (2006) determined that the minimum ph (in water) for nitrification was lower at the microsites (ph < 4.2) than in the surrounding soil (ph < 4.7). the initial ph values were 4.3, 5.0 and 5.3 in clay, loamy sand and sandy clay soils, respectively (table 1). despite the complexity of the ph effect on nitrification, these values indicate more favorable initial conditions for nitrification in the loamy sand and sand clay soils. still, other soil and climate factors affect the nitrification reactions, which are essentially aerobic. in clay soils, with decomposing organic matter, i.e., with high o 2 consumption and high Co 2 production, nitrification may be limited if gas exchange is not effective. however, at the end of the incubation period, 204, 199 and 255 mg dm -3 No 3 --N were recovered, in the loamy sand, sandy clay and clay soils, respectively. subtracting the No 3 --N contents of the soil without Bs from the recovered values, it appears that 45, 59 and 59 % of total N added had been nitrified 120 days after Bs application to each soil, respectively. Considering the total N content of the sludge (69 g kg -1 ), at a rate of 100 m 3 ha -1 Bs, approximately 114 kg ha -1 N were applied. this would result in 51, 67 and 67 kg ha -1 mineral N produced in 120 days. taniguchi (2010) determined a mineralization rate of Bs from gelatin industry of over 80 % in 126 days, when applied to an ultisol (sandy clay loam), and an average half-life of 7.7 days, which is consistent with the nature and C/N ratio of the residue, indicating a high leaching potential. when applied to soil columns at rates of up to 500 m 3 ha -1 , Bs from gelatin industry caused increased losses of No 3 --N in sandy clay loam but not in sandy clay soil. however, the application of up to 170 m 3 ha -1 to second-season maize did not alter the soil No 3 --N content at the end of the crop cycle, down to a depth of 1 m (taniguchi, 2010) . despite the Bs quantities applied, no effect on the soil om content was detected (figure 2c). about 8.3 t ha -1 dry matter and 0.5 g dm -3 organic C were applied with the highest Bs rate (500 m 3 ha -1 ). the low amount of C applied, combined with a low C/N ratio (1.9) of the Bs, must have resulted in rapid mineralization, with no measurable change in the existing reserves of organic C in soil. Barcelar et al. (2000) observed no significant increases in organic C content by sewage sludge application and concluded that the reason was the rapid mineralization of organic matter of the material used.
Potential cation exchange capacity (CeC at ph 7.0) was not calculated by the sum of bases plus potential acidity because the experiment was carried out in a closed environment with salt accumulation. as the content of soil organic matter did not vary with the application of Bs, the CeC at ph 7.0 was most likely not altered either, reinforcing the above argument explaining the differences between the h + al and eCeC values in the clay soil ( figure 1) .
the increase in the available P content with Bs application was linear (figure 2d), and at the highest rate, 29 kg ha -1 P (14.5 mg dm -3 ) were added. in this case, the recovered were lower than the applied quantities because not all P was necessarily mineralized, i.e., a part may have been reincorporated into the microbial biomass and another part strongly adsorbed to soil or precipitated with al and fe, becoming non-labile P, not extracted in the analysis. of the total P applied with the highest Bs rate, 5, 10 and 8 mg dm -3 were not recovered in the loamy sand, sand clay and clay soils, respectively. if the balance were determined by phosphate adsorption only, greater retention would be expected in the clay soil, due to higher acidity and clay content, but the difference between soils was minor. Nevertheless, the greatest increase in available P with the application of Bs was observed in the loamy sand soil, in agreement with Valladares et al. (2003) , who stated lower maximum phosphate adsorption capacity in sandy soils.
Bs application induced a linear increase in Ca, mg, Na and K contents ( figure 3a,d) . the increase in exchangeable bases, higher for Ca and Na and (2008) reported similar results for Ca, mg and Na when applying organic residues such as sewage sludge, primary sludge from gelatin industry and industrial biosolids, respectively. the application of 500 m 3 ha -1 Bs added quantities of 18.4, 1.8, 6.9, and 0.12 mmol c dm -3 , respectively, of Ca, mg, K, and Na. Considering the same Bs rate, amounts of Ca, mg, Na, and K of 22, 1, 7 and 0.2 mmol c dm -3 were recovered by analysis, that is, greater amounts than the increase in eCeC for the three soils. therefore, the greatest part of the added elements is not adsorbed and can be lost by leaching. due to the lower adsorption strength in the solid phase, the Na + cation is more prone to be lost. however, even at the 500 m 3 ha -1 Bs rate, the amount of Na applied (315 kg ha -1 ) was lower than the annual maximum allowed by the regulations of Cetesb P4.233 (1999) for tannery sludge, determining 400 kg ha -1 Na for sandy and sandy-silt soils, and 1,000 kg ha -1 for organic, silty, clay-silt and clay soils. the regulation for tannery sludge was used, since the standards for sludge (Cetesb P4.230 and Conama resolution 375) do not mention the theoretically allowed accumulated amount of Na. the application of the regulations for tannery sludge is justified because Na in residues is usually soluble, so the accumulated amount should be more related to the residue-treated soil than to the proper residue.
ConClusions
1. the application of up to 500 m 3 ha -1 biological sludge from gelatin industry decreases soil acidity and increases the effective CeC (eCeC) and availability of N, Ca, mg and P, without exceeding the Na threshold.
2. the increase in soil base content, greater than the eCeC, indicates that most part of the cations added by the biological sludge remains in solution and can be lost by leaching. 
